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Landscape stability and destabilisation 
in the prehistory of Greece 


Tjeerd H.van Andel & Eberhard Zangger 
Department of Earth Sciences, University of Cambridge, UK 


ABSTRACT: Vita-Finzi’s model for the late Quaternary history of stream erosion and alluviation in 
the Mediterranean presented in 1969 has greatly influenced views on prehistoric human land use in 
Greece. Here we summarize the results of three major regional studies (southern Argolid, Thessaly, 
Plain of Argos) of this subject in selected areas of Greece. Comparison of the three data sets and the 
literature indicates a single, early ubiquitous event, followed by marked regional differences, but leaves 
little doubt that the cause of soil erosion since the middle Holocene has been human activity. In three 
regions, major erosion and valley alluviation occurred about 1,000 years after the onset of widespread 
Neolithic land use; the date depends on the time large scale Neolithic land clearing began. From about 
the 3rd century BC to 3rd century AD, soil erosion is evident in the southern Argolid and probably 
the Thessalian plain and is indicated in the literature elsewhere in Greece, such as Elis, Euboea and 
the area of Olympia. In other areas, isolated erosion phases occurred during the 1st millennium BC. 
Medieval erosion and alluviation affected all regions, but apparently at somewhat different times 
depending on local conditions. Except for the Neolithic phase, local conditions appear to have been 
dominant in the stabilization and destabilization of the landscape, and a simple universal stratigraphy 


is impossible to construct. 


INTRODUCTION 


A growing concern regarding the impact of 
human interference in the global environment is 
inspiring increasing study of biological and 
physical processes causing global change. Many of 
these studies have tended to focus on establishing 
a baseline for the last hundred thousand years of 
the natural (and mainly climatic) variation. Public 
awareness of the issue, on the other hand, is 
being stimulated mainly by such human-induced 
events as the greenhouse effect, water pollution, 
drought, or catastrophic soil erosion. Either view 
yields an incomplete perspective; although the 
human factor has long been merely an overprint 
on a complex sequence of events ultimately 
driven by climate, well before the industrial 
revolution its impact has become significant and 
measurable. 

Research on the late Quaternary climatic 
history, with a marked emphasis on the oceans, 
has major successes, but global changes of the last 


8,000 years on land, the time when natural 
processes and human activity began to interact in 
a significant way, have attracted less attention and 
much less understanding has been achieved. Still, 
only for this interval do we possess the 
chronological means to resolve those rapid, even 
"catastrophic" natural environmental changes that 
are increasingly suspected. 

Although for different reasons, the study of the 
human impact on global change and the 
demonstration of catastrophic change both present 
great difficulties, the first because of the 
complexity of the terrestrial environment, the 
second because it demands high-resolution dating. 
Tectonics, the geology of the substrate, vegetation 
successions, volcanism, sedimentation and erosion, 
and sea level changes combine into a system of 
such temporal and spatial complexity that a case 
history approach rather than modeling based on 
processes or on inferences from a global history 
seems for the time being to be the best strategy. 

Key features of the Holocene history on land 
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Fig.1. Location of three case histories discussed 
in the text. SA: Southern Argolid; AP: Argive 
plain; Th: Larissa basin, Thessaly. 


are the many sequences of soil erosion and river 
valley aggradation, both often seen as 
consequences of farming and animal husbandry. 
Alternatively, increases and decreases in 
precipitation, tectonic uplift and subsidence, and 
sea level changes have been invoked. An 
understanding of these events on the long 
timescale of human prehistory and early history 
usefully complements the traditional view of the 
causes and consequences of soil erosion resting 
on the experience of the 20th century. 

This paper is a summary of ten years of 
research in the Holocene history slope erosion 
and valley aggradation and their probable relation 
to prehistoric agriculture in Greece (Figure 1), 
carried out by our group, then at Stanford 
University in California. Greece is well suited to 
this undertaking because its subhumid to semiarid 
climate renders it sensitive to climatic change and 
human interference alike, and its agricultural 
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history is comparatively well known. Two of the 
case histories reported below were supported by 
the U.S. National Science Foundation, the third by 
the German Archaeological Institute in Berlin and 
Athens, and all three by Stanford friends of the 
programme. 


EARLY MODELS OF LATE QUATERNARY 
SOIL EROSION AND VALLEY 
AGGRADATION IN THE 
MEDITERRANEAN 


In 1969 Claudio Vita-Finzi, having added over a 
period of several years a large body of his own 
evidence to existing data on the Late Quaternary 
history of stream deposition in the Mediterranean, 
presented a simple model that has been widely 
used, especially among archaeologists (Vita-Finzi 
1969). He recognized two major phases of 
alluviation, the Older and the Younger Fill, often 
easily distinguished by colour and texture; the 
Older Fill tends to red tones, the Younger one to 
browns and greys. During each phase sediments 
filled the valleys and stream channels cut in a 
preceding erosional phase. Renewed erosion which 
continues today in most valleys of the 
Mediterranean ended the Younger Fill. Vita-Finzi 
held climatic factors responsible for both 
aggradation phases. Archaeological data seemed to 
place the Younger Fill between late Roman (ca. 
400 AD) and early modern times, while the Older 
Fill was thought to be of late Pleistocene to early 
Holocene age (ca. 50,000 - 10,000 bp). 
Subsequently, this model was widely applied in 
Greek archaeology by Bintliff (1976a, b, 1977) 
who modified it by placing the Older Fill in a 
pluvial phase of the early or middle last glacial on 
the assumption that it required a much higher 
rainfall than the present one. Like Vita-Finzi he 
attributed the Younger Fill to climate changes 
which he placed between the middle of the first 
millennium AD and late Medieval time. 

The validity of such a simple model for a region 
as large and diverse in terms of geology, tectonic 
state, vegetation, climate and human history as the 
Mediterranean appears a priori suspect, and 
conflicting data and contrary points of view soon 
emerged (e.g. Butzer 1969; Davidson 1971, 1980; 
Eisma 1964, 1978; Kraft et al. 1975, 1977; 
Raphael 1968, 1973, 1978). Large differences in 
the proposed ages and numbers of alluviation 
events, and the wide range of causes invoked 
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Fig.2. Drainage systems of the Southern Argolid. 
Shaded: northern boundary mountains (after van 
Andel and Sutton 1987: Figure 5). 


implied that, in contrast to Vita-Finzi’s 
perception of regional stratigraphic uniformity, 
there might have been considerable local 
variation, and that both aggradation phases might 
comprise units of several ages. In a detailed 
analysis of the Younger Fill Wagstaff (1981) 
demonstrated the complex history of late 
Holocene alluviation and suggested an 
anthropogenic rather than a climatic origin. 

It is obvious that an overly simplified or even 
erroneous model of alternating soil erosion and 
landscape stabilization, when applied to the 
record of Greek prehistoric and historic land use, 
would be capable of generating considerable 
confusion and misunderstanding. Concerned 
about this possibility, one of us (vA) initiated in 
1978 a series of studies of soil erosion and valley 
alluviation in an archaeological context. The first 
of these was integrated in a _ detailed 
archaeological survey of the Southern Argolid 
conducted by Stanford University between 1979 
and 1984 (Jameson et al. in press; van Andel and 
Runnels 1987). Other investigations followed in 
areas selected for their different geological 
settings and land use histories as the complexity 
of the late Pleistocene and Holocene soils and 
alluviation units became clear and their relation 
to the local history of land use gained credibility. 
During the past decade other archaeological 
surveys (e.g. Boeotia: Bintliff and Snodgrass 1985; 
Melos: Renfrew and Wagstaff 1982; and Nemea: 
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Cherry et al. 1988) incorporated geological 
studies into their programmes, although thus far 
little has been published. As a result the latest 
Quaternary soil and alluviation record in Greece 
is now much better known. 

Similar studies have been carried out elsewhere 
in the Mediterranean, but a comprehensive 
review of the subject is beyond the scope of this 
paper. It should be noted, however, that Vita- 
Finzi’s model, although now obsolete, has 
triggered so much study of Late Quaternary 
alluviation in the Mediterranean, that it must be 
regarded as highly fertile and rewarding. 

Below we shall summarize three comprehensive 
studies carried out in the southern Argolid, the 
Argive plain, and the eastern Peneios basin in 
Thessaly which have shaped our current views ex- 
pressed in the final sections of this paper. 


FIRST CASE HISTORY AND MODELS - 
THE SOUTHERN ARGOLID 


The Southern Argolid (Figure 2) is a small 
peninsula separated from the rest of the Argolis 
by a high transverse limestone and flysch range 
(van Andel and Sutton 1987). The northern half 
of the area is marked by steep limestone ridges, 
bare except for local remnants of red, gravelly, 
consolidated Pleistocene fans. The intervening 
valleys are filled with alluvium. Bedrock in the 
southern part consists of softer Late Cenozoic 
marls and conglomerates and is deeply dissected, 
although the uplands locally retain remnants of 
the once deep woodland soils. Rain falls mainly in 
the winter months with an annual total of ca. 500 
mm. The streams are consequently ephemeral 
except for a few that are fed by large springs. 
According to local informants the others only flow 
approximately once every 10-15 years. The 
numerous drainages are small; most measure no 
more than 10 km’ and the largest a mere 70 km’. 
Modern stream channels deeply incise the valley 
floors; older terraces occur discontinuously. 

The Quaternary of the peninsula was mapped in 
detail (Pope and van Andel 1984) from aerial 
photos and field study. Three basic depositional 
facies were recognized: (1) a chaotic, often very 
coarse, ill-sorted gravel in which the fine fraction 
supports the coarse material, a feature typical of 
debris flows; (2) well bedded and sorted sands and 
gravels of streamflood origin, and (3) sandy 
overbank loams. These facies combine in various 
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Fig.3, Late Pleistocene and Holocene alluvium and soil stratigraphy, Southern Argolid (after van Andel 


et al. 1984: Fig. 4). 
streamflood deposits; loams are blank. Wavy verti 
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ways to form the late Quaternary depositional 
units of the area. 

Debris flows are evidence of catastrophic, sheet- 
wise slope erosion and occur when a reduction in 
plant cover, due either to decreased rainfall or to 
human activity, renders them vulnerable. 
Streamflood deposits, on the other hand, form 
when gully erosion is enhanced by increased 
precipitation or when livestock or humans damage 
the existing protective vegetation. 

Each depositional unit marks a period of 
erosion of slopes and headwaters that caused 
valley aggradation, and each ends with a soil 
profile indicating a period of slope stability 
combined with non-deposition or erosion in the 
valleys. The semi-arid soils have a thin, rarely 
preserved A horizon and a distinct B horizon 
which, with increasing age, turns darker red in 
colour, acquires a higher clay content and blocky 
structure, and develops a lower, calcareous zone 
(B,. horizon). The latter evolves with time from 
carbonate flecks and stringers via well developed 
carbonate nodules to a thick, hard calcareous 
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bank. The age-related characteristics of these 
soils (Birkeland 1984, Harden 1982) are useful 
in establishing their relative ages and in 
correlating depositional units from one drainage 
to another for the construction of composite 
stratigraphic sections. 

Prehistoric and historic settlement maps for 26 
intervals from Middle Palaeolithic to Modern, 
when placed accurately on the soil and alluvia 
map, together with imbedded sherds and 
radiocarbon and uranium disequilibrium dates 
(Pope and van Andel 1984: table 3), date the 
composite stratigraphic section (Figure 3). 

The oldest Pleistocene alluvium dates to ca. 
300,000 bp; two more units follow between ca. 
100,000 and 35,000 bp (Pope et al. 1984), 
whereas four alluviation phases mark the last 
5,000 years of the Holocene. All Pleistocene units 
combine debris flows and streamflood deposits, 
but those of the Holocene consist of either debris 
flows (Pikrodhafni and Upper Flambouro units) 
or streamflood deposits (Lower Flambouro and 
Kranidhi units). What triggered the infrequent but 


Fig. 4. Settlement and alluviation of the Final Neolithic and Early Bronze Age in the Southern Argolid. 
Shading indicates deep woodland soils; Pikrodhafni Alluvium of the late 3rd mill. BC shown in black. 
Dots are sites. Modified from van Andel et al. (1986: Figs. 7 and 8). 


voluminous Pleistocene alluviations is difficult to 
say because the low resolution of the dating does 
not permit a correlation with indices of changing 
climate. Their absence during the last glacial maxi- 
mum and the Holocene climatic improvement, 
however, suggests that erosion and aggradation are 
not related in a simple way to major climatic 
changes. 

In the aggregate the Holocene deposits are far 
thinner than those of the Pleistocene and their re- 
gional distributions vary greatly. All but the last 
one have well-developed soil profiles which 
indicate prolonged quiescence between 
alluviations. Evidently slope erosion events were 
brief compared to times of stability; the Lower 
Flambouro unit is bracketed by dates that allow 
a duration of at most a few centuries. 

The onset of frequent slope destabilisation came 
some 500-1000 years after the Southern Argolid 
had become settled by agriculturists (Runnels and 
van Andel 1987). Although farming was introduced 
here in the Early Neolithic, settlement remained 
restricted to a single site until the mid-4th 
millennium BC, when numerous small farms 
spread across the deep woodland soils of the 
lower hills and some valleys. Evidence for soil 
erosion, however, does not appear until the late 
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3rd millennium when Pikrodhafni debris flows, 
indicating extensive sheet erosion of slopes, 
covered the valley floors of the drainages occupied 
by Early Bronze Age settlers (Figure 4). Thus, the 
initial clearing of woodland cannot be held 
responsible, and van Andel et al. (1986) attributed 
the debris flows to gradual intensification of land 
use with shorter fallow, or to expansion onto 
steeper, less stable slopes. In either case, a 
temporary increase in summer or autumn rains 
(before the vegetation had freshened) might have 
acted as a trigger, but such short-lived climate 
changes are not easily detected in the record. 
After a decrease in settlement in the early 2nd 
millennium the Mycenaean period brought 
renewed widespread use of the same soils, this 
time entirely without soil erosion, probably 
because of soil conservation measures such as 
terracing and gully check dams. These measures 
seem to have been effective; not even the nearly 
complete post-Mycenaean depopulation of the 
11th - 10th centuries BC brought renewed erosion, 
perhaps because in the absence of tillage or 
grazing the natural vegetation was rapidly 
restored. Good soil management apparently con- 
tinued throughout the following centuries of 
recolonization which culminated in the late 5th 


Fig. 5. Settlement, land use, and alluviation in the Classical/Hellenistic (black dots; ca. 325-250 BC ) 
and Early Roman (circled; 1st cen. BC.-3rd cen. AD) periods in the Southern Argolid. Large starred 
sites are cities. Dark stippling: deep woodland soils; light stippling: Pleistocene (Loutro) and middle 
Holocene (Pikrodhafni) alluvium; Black: Lower Flambouro alluvium resulting from Hellenistic and 
Early Roman soil erosion event. Modified from van Andel et al. (1986: Figs. 10, 11). 


and 4th centuries BC in a major expansion of 
olive cultivation onto poorer and often steep 
Pleistocene fans and alluvia accompanied by 
dense settlement (Figure 5). In the last centuries 
BC, however, extensive well-sorted and stratified 
streamflood deposits formed in the valley 
bottoms (Lower Flambouro unit). This event 
coincided with a sharp decrease in site numbers 
during a historically well-documented period of 
tural economic decline. Comparison with 
practices in currently economically depressed 
areas of Greece shows that farmers tend to 
withdraw to their best soils and turn over the 
more distant or poorer fields to pasturage (van 
Andel et al. 1986). Even in prosperous times, 
fallow fields and olive orchards are used for 
grazing but shepherds take care to maintain 
terrace walls and dams damaged by livestock. 
Under economic stress, however, this is not the 
case, and the modern southern Argolid shows 
that in a few decades terrace walls tumble, gully 
erosion strips the stored soil, and streamflood 
deposits rapidly accumulate. A wetter climate, 
potential cause of streamflood alluviation, has 


sometimes been postulated for the end of the first 
millennium, but the evidence is weak and the 
observations do not require it. Prosperity returned 
in Late Roman time (3rd through 6th century 
AD) and with it extensive exploitation of all 
usable lands, but no erosion and _ alluviation 
occurred, indicating that soil management was 
practiced successfully. Another depopulation began 
early in the 7th century, but the landscape 
remained stable, presumably because of rapid 
colonization by maquis. 

In the 9th century AD upland and headwater 
areas away from the sea were resettled and 
extensive aggradation of the valleys below the new 
settlements took place (Upper Flambouro). These 
debris flows suggest careless clearing of the steep 
slopes without proper attention to soil 
conservation. Stabilization returned a few centuries 
later. The final alluviation phase (Kranidhi unit) 
began in early modern times; it is localized and of 
different ages in different valleys and continues 
today in several drainages. Its relation to local 
economic conditions is clear; terraces are allowed 
to decay because of land speculation related to 


144 


a booming tourist industry or land is carelessly 
cleared (with bulldozers) for new crops and 
causes erosion. 

There is thus good reason to attribute the 
frequent (but quantitatively minor) series of 
alluviation events of the middle and later 
Holocene mainly to human land use, although 
brief, minor climate changes may have 
contributed. 

Interestingly, the onset of major woodland 
clearance in the late Neolithic was not followed 
by soil erosion until much later; one is inclined to 
attribute this delay to low soil disturbance and 
long fallow. Soil management was eventually 
learned and the landscape became stable, even at 
times of nearly complete depopulation, because 
the natural vegetation (maquis) is capable of 
rapidly stabilizing fields and terraces. Without soil 
management, however, extensive rapid clearing of 
steep slopes and coarse soils is inevitably 
followed by severe erosion and debris flows. 

Once the landscape is under _ control, 
maintenance has its price and economic 
recessions may render this price too high. Neglect 
follows, and uncontrolled grazing may cause 
extensive damage to terraces and check dams, 
producing gully rather than sheet erosion and the 
deposition of streamflood deposits in the valleys. 


SECOND CASE HISTORY - THE ARGIVE 
PLAIN 


The model presented above, not being amenable 
to further testing in the Southern Argolid, 
required the study of appropriately different 
areas. The Southern Argolid was in the past, as 
it is today, a remote and rural sector of Greece. 
Widespread farming started late and throughout 
the history of the region great political and 
cultural events were muted there. Natural 
environmental changes also have been on a small 
scale; the area does not possess large rivers or 
wide plains nor is it very active tectonically. 
Thus we undertook in 1984 a parallel study, 
again backed by a good archaeological data base, 
in a region closer to the heartland of Greek 
history, where human exploitation began sooner 
and on a larger scale. The rivers of the Argive 
plain are larger as is the sediment supply, and its 
drainage basin is well integrated, but it is close 
enough to the Southern Argolid to possess a 
comparable climatic, vegetation and geological 


history. Despite its proximity the Argive plain 
contrasts with the Southern Argolid 
geomorphologically as well as archaeologically. It 
was thus well suited to test whether the models 
of landscape destabilisation developed in the 
Southern Argolid possessed a wider applicability. 

From a purely archaeological perspective a 
reconstruction of the Holocene landscape of this 
historically rich area has long been needed to 
establish the environmental context of its great 
Bronze Age sites. Current views of the Bronze 
Age in the Argive plain (e.g. Carpenter 1966; 
Kraft 1972; Bintliff 1977; Kilian 1978) rest on a 
somewhat narrow factual base because palaeo- 
environmental and palaeogeographical studies in 
the area (Boblaye and Virley 1883; Lehmann 1931, 
1937; Kraft 1977; Reisch 1980) are so sparse. 

The Argive plain and the Southern Argolid have 
both been used by Bintliff (1977) to support his 
version of Vita-Finzi’s scheme of Older and 
Younger Fill. In his view the Argive plain was a 
swamp of no economic importance until about 
2000 years ago. At that time the Younger Fill, his 
only Holocene phase of soil erosion, began to 
blanket the wet lowlands, and when this phase 
ended about 200 years ago the soil had been 
provided that now supports the thriving agriculture 
of the region. 

The Argive plain is a coastal basin of tectonic 
origin, about 243 km’ in area, and bordered by 
the steep, barren slopes of mountain ranges rising 
to 400-700 meter. Many Pleistocene alluvial fans 
about 1-3 km wide fringe the central plain; their 
mature, deep red, calcareous soils indicate a long 
lasting surface stability. In the central part of the 
plain these Pleistocene palaeosols are buried 
under a Holocene alluvium which has been 
supplied by the ephemeral Inakhos River on the 
western margin of the plain. In contrast to the 
small drainages and short streams of the Southern 
Argolid, the Argive plain has a unified drainage 
system of 1167 km’ (Lehmann 1937); almost all of 
the material eroded in this large area is deposited 
near the present coast where it has caused 
significant progradation of the shore. 

The differences in depositional environment be- 
tween the Argive plain and the Southern Argolid 
demand a different approach that relies especially 
in the coastal zone on about 150 drill holes 
ranging in depth from 4 - 30 m, rather than on 
aerial photos and natural outcrops (Finke 1988). 
Man-made outcrops also abound in this densely 
populated area and were used as well. Cross 
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Fig. 6. Genetic classification of the soils in the Argive plain and their distribution. Most central plain 
soils formed on Bronze Age alluvium. The margin of the plain consists of Pleistocene alluvial fans while 
young overbank loams occur along the Inakhos river. The coastal zone has gone through alternating 
dry and wet stages in the Holocene and the present soils there have formed on recent marsh and lake 


deposits. Modified from Finke (1988: Fig. 18). 


sections based on the drill data reveal major 
phases of landscape destabilisation and their 
impact in the coastal zone. Such cross sections 
(Figure 6) constitute the core of the following 
discussion. The Pleistocene red beds provide a 
distinct marker at the base of the Holocene 
deposits. This Pleistocene surface was formed 
during the last glacial when sea level was ca. 120 
m below present and the Argive plain extended 
10 km farther south (Finke 1988). A dark brown, 
clay-rich and organic A-horizon, full of roots, 
developed under its plant cover (unit PKK). It 
represents the early and middle Holocene land 
surface. Locally, abundant charcoal and pottery 
fragments indicate occupation of this surface. 
Evidence for a Middle Neolithic site was found 
in two auger cores at 5.5 m below the present 
surface (Figure 6). The unit is preserved only 
where the Pleistocene is buried under younger 
alluvium. 

The first Holocene deposit (unit PA) is a coarse, 


rather poorly sorted, consolidated alluvium 
sedimentologically quite similar to Pleistocene fan 
deposits. However, since it covers the Middle 
Neolithic site (Figure 6), it must have been 
deposited after 5000-4000 BC. During a following 
phase of landscape stability there was time for an 
A horizon to form on the alluvium and it was 
resettled. Subsequently, the postglacial sea level 
rise shifted the coastline far inland of the present 
shore until during the maximum transgression at 
about 2500 BC the Neolithic site and parts of the 
later alluvium were eroded. 

The most extensive environmental changes 
occurred during the Early Bronze Age (Early 
Helladic II); Aggradation, especially in the coastal 
zone, covered the old surface with 1-3 m of 
floodplain deposits which today form the surface 
of most of the plain (Figure 7). These Early 
Bronze Age deposits, easily identified by their 
reddish brown colour (Munsell 7.5YR), high 
degree of consolidation, relatively thick clay films, 
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Fig. 7. Cross-section showing Holocene landscape 
changes of the southern part of the Argive plain. 
The Pleistocene base is covered at many places 
with a thick A horizon (PKK) which contains 
sherds in its upper part. A Middle Neolithic site 
is asscociated with this soil and was dated by 
ceramics and radicarbon method at 6200 BP. The 
first Holocene alluvium (PA) postdates the site 
but was deposited before the peak of the 
postglacial transgression (4,500 BP). Site and 
alluvium (PA) were eroded during the sealevel 
rise (arrows). Early Bronze Age alluviation (PU) 
resulted in a progradation of the coast (T = 
marine deposits). The final stage of deposition 
(PR) was triggered by man-made diversion of a 
stream in the Mycenaean period. After Finke 
(1988: Fig. 30). 


and ubiquitous Early Helladic pottery, are most 
extensive on the inner plain and along streams. 
This Early Helladic phase of sediment 
aggradation followed immediately upon the peak 
of the marine transgression and increased the 
deposition rate at the coast so much that it 
exceeded the combined rates of coastal erosion 
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and sea level rise. A rapid progradation of the 
shore began which extended in places halfway to 
the present coast (Figure 6). 

A subsequent interval of surface stability lasted 
long enough for an A horizon to form on the 
Early Helladic II alluvium. This time of quiescence 
lasted until late in the Bronze Age (Late Helladic 
IIIB) when alluviations (Figure 6: PR) associated 
with natural and man-made shifts of an ephemeral 
stream on the east side of the plain buried the 
lower town of Tiryns under several meters of 
alluvium (Finke 1988; Zangger 1989). 

No alluviations of regional extent have affected 
the Argive plain since the end of the Bronze Age. 
Unsorted black colluvium was deposited near 
Argos in Classical times and may be a result of 
landslides after fires. Everywhere the ruins of 
Classical and Hellenistic houses are found less 
than one meter below the present surface, 
demonstrating that deposition during the last 2,000 
years has not exceeded one meter. 

In conclusion, the present appearance of the 
Argive plain was shaped mainly by three regional 
phases of soil instability in the Middle to Late 
Neolithic, the Early Helladic II and the Late 
Helladic IIIB. All subsequent landscape changes 
have been minor in impact and extent. 

Although the geological record is silent 
regarding the causes of the three soil erosion 
phases, the timing of the two most extensive ones 
between 5000 and 2000 BC is significant. It is not 
likely that the transgression itself would have 
increased the rate of sediment supply; its impact 
would have been limited essentially to the shore 
zone. The increasing population of the Argive 
plain, on the other hand, an expansion of land 
clearing and such innovations as the introduction 
of the plough could not fail to result in 
deforestation, seasonally unprotected slopes, and 
ultimately soil erosion. 

The Holocene history of the Argive plain 
proposed here is quite different from Bintliff’s 
reconstruction (1977). Where he assumed that 
alluviations took place only during the last 2,000 
years, we have placed the main erosional events in 
the Bronze Age, leaving a single meter of deposits 
for the last 2000 years. The plain clearly never 
was in its entirety a swamp, although prior to the 
over-exploitation of groundwater since the middle 
of this century, the water table was much higher 
and small lakes and bogs did locally exist. The 
soils that are the source of the current prosperity 
of the Argive plain were also available to 
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Fig. 8. The Peneios River system in northern 
Greece. 


prehistoric farmers and exploited by them since 
the early Bronze Age. 


THIRD CASE HISTORY - THE PENEIOS 
PLAIN IN THESSALY 


The third case study of soil stability and 
destabilization in Greece was to be carried out in 
an inland basin far from the influence of the sea 
and changing sea levels. Most important would 
be a much earlier start of extensive woodland 
clearing and farming. The Larissa basin in 
Thessaly, part of the eastern Peneios drainage, 
meets these requirements including essential 
insulation from sea level changes (Demitrack 
1986). A detailed study of its late Pleistocene and 
Holocene depositional history was undertaken 
since 1981 (Demitrack 1986). The archaeological 
background comes mainly from Halstead (1977, 
1981, 1984). The Thessalian plain (Figure 8), one 
of the largest in Greece, is divided into an 
eastern (Larissa) and a western (Trikala) basin 
by a low NW-SE trending ridge. The Peneios 
River, rising far to the northwest in the high 
Pindos range, crosses both basins and, joined by 
several tributaries, finds its way to the Aegean 
Sea through narrow gorges across the Pilion- 
Ossa-Olympus coastal massif. The region is 
tectonically active; along its northern margin 
subsidence takes place on a number of normal 
faults. 


In the Larissa basin itself the rainfall is low (ca. 
520 mm), but the surrounding mountains receive 
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up to 800 mm, and the main rivers flow all year. 
Trees are rare at the present time, but originally 
the basin was covered with an open, mixed- 
deciduous woodland; deforestation began around 
5,000 bp (Bottema 1979; van Zeist and Bottema 
1982). 

Numerous alluvial fans fringe the northern rim 
of the Larissa basin and river alluvium blankets 
its central and southern parts. Fans and floodplain 
deposits have formed in several stages, each 
marked at the top by a palaeosol indicative of a 
period of quiescent non-deposition, during which 
stream incision took place. 

The earliest dated Pleistocene sequence consists 
of no fewer than eight fan units (Old Red Fan: 
Table 1) separated by soils. It ended around 
54,000 bp and was followed by much tectonic 
activity. Fan building (New Red Fan) resumed 
during the height of the last glacial, continuing 
intermittently until ca. 14,000 bp, when stream 
incision took over. The minor Rodia Fans formed 
a few millennia later. In the Holocene the fans 
were reactivated twice between 7,000 and 6,000 bp 
and in early historical times. Present deposition is 
limited to small terraces in a few fan valleys 
where it is occasionally triggered by faulting. 

The floodplain deposits (Figure 9) divide into an 
older, higher group (Schneider’s "Niederterrasse"; 
1968) of Late Pleistocene and Middle Holocene 
age, and a historical pair deposited from 5 to 15 
m below the Niederterrasse. The earliest, most 
extensive of the deposits of the higher floodplain 
(the Agia Sophia Alluvium) belongs to the middle 
of the last glacial (ca. 40,000-27,000 bp) and is 
topped by a mature palaeosol. Not until 14,000 - 
10,000 bp did deposition resume (the Mikrolithos 
Alluvium), and another break followed in the 
Early Holocene. The construction of the higher 
floodplain ended with the Middle Holocene 
Girtoni Alluvium. 

The present floodplain formed in two stages, 
both of which can be dated with the aid of 
archaeological data. The earlier one appears to 
involve Classical, Hellenistic and perhaps Roman 
sites, but without further work its precise age 
cannot be established. The late stage dates to the 
last 200 years. 

Neolithic and Bronze Age settlements are 
numerous in the Larissa basin; most are 
conspicuous habitation mounds (magoules) resting 
on old land surfaces. In the Early Neolithic (8,000- 
7,000 bp) settlements were built upon the late 
Pleistocene Agia Sophia Soil which had already 


Table 1 - Sequence and Age of Alluvia, Fans, and Soils in the Larissa Basin, Thessaly 


(after Demitrack, 1986) 


Period Age (yrs) Alluvium unit Fan unit Soil unit 
Latest <200 (7) Modern Peneios Modern fan Peneios Group 
Holocene alluvium soils 
Late historical Pre-modern New Deleria Deleria soil 
Holocene (?) Peneios alluvium fan 
Middle 7000-6000 bp Girtoni alluvium Old Deleria Girtoni Soil 
Holocene fan 
Early 
Holocene 
Latest 14,000- Mikrolithos Rodia fan Noncalcareous 
Pleistocene 10,000 bp alluvium Brown soil 
30,000- New Red fan Gonnoi Group 
14,000 bp soils 
Late 27,000- Agia Sophia 
Pleistocene 8,000 bp soil 
42,000- Agia Sophia 
27,000 bp alluvium 
Middle Late 125,000- Old Red fan Rodia Group 
Pleistocene <54,000 bp soils 


been eroded down to its calcareous B,, horizon. 
The Noncalcareous Brown Soil surface existed at 
the time but was not settled until the Middle 
Neolithic (7,000-6,500 bp). The Girtoni Soil on 
the eponymous Middle Holocene alluvium was 
not occupied until the Late Neolithic (6,500-6,000 
bp). Early mounds on this surface are buried at 
the edges under up to 1.5 m of Girtoni Alluvium, 
and the soil profile is evidence of slow, 
continuous aggradation. Evidently the surface was 
being farmed well before deposition (during 
spring floods?) had ceased. The formation of the 
Girtoni Alluvium is thus placed in the Middle to 
Late Neolithic, about 1,000 years after the high 
Thessalian floodplain began to be farmed. All 
Bronze Age sites (since ca. 5,000 bp), however, 
are on top of the Girtoni Soil. 

As Demitrack (1986) has shown in more detail, 
the causes of alternating phases of fan and 


floodplain deposition and soil formation in this 
area involve distant events in the source areas of 
streams and sediments as well as local ones in 
the basin and at the Peneios River mouth. 
Climate, vegetation neotectonics and human 
exploitation have each played a not always clear 
role. Contrary to the Southern Argolid, there is 
evidence for climatic impact on alluviation in the 
later Pleistocene, but the true cause-and-effect 
relations are not really clear. For example, the 
beginning of the dry glacial maximum (Bottema 
1979; van Zeist and Bottema 1982) coincides 
fittingly with the cessation of aggradation in the 
floodplain and the onset of a long period of soil 
formation (Agia Sophia Soil). 

On the floodplain deposition is resumed 
(Mikrolithos Alluvium) during the shift from dry 
late glacial to more humid postglacial conditions 
(van Zeist and Bottema 1982). Fan activity along 
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Fig. 9. Map of the late Quaternary soils of the Larissa basin, eastern Thessaly. ANG: Agia Sophia, 
Noncalcareous Brown, and Girtoni soils of the palaeo-floodplain; DeP: Deleria and Peneios Group soils; 


FA: late Pleistocene fan soils; Pli: Pliocene sediments of the Middle Thessalian hills; 


black: pre- 


Pliocene bedrock. Modified from Demitrack (1986: Fig. 6). 


the northern basin margin, on the other hand, 
continues during the glacial maximum (New Red 
Fans) and latest glacial (Rodia Fan). Tectonics, 
in the form of basinward downfaulting, caused 
alternating deposition and incision while soils 
formed during quiet times. 

To us the human factor is of greatest interest. 
The Girtoni aggradation, beginning like the 
Pikrodhafni Alluvium in the Southern Argolid 
about 1,000 years after the first occupation of the 
floodplain, strongly suggests a _ correlation 
between human land use and the Holocene 
resumption of soil erosion and floodplain 
aggradation. There is no evidence that the early 
settlers exploited the slopes of the Thessalian 
plain (Halstead 1984) to any great degree, a con- 
clusion in accord with evidence from the pollen 
record that only minor clearing of their open oak 
woodland took place at this time (Bottema 1979). 
Thus the soil erosion that produced the 
aggradation must have occurred on the older 
levels of the floodplain itself. That such erosion 
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is possible on the nearly level palaeo-floodplain 
is clear because the Neolithic settlements on the 
Agia Sophia surface, where examined, rest on a 
truncated soil profile. During the interval 
between the first exploitation of the floodplain 
and the onset of the Girtoni alluviation, the 
density of settlements and presumably of 
population increased steadily (Halstead 1977, 
1984), suggesting that here as in the Southern 
Argolid soil erosion was not caused by initial 
clearing but was the result of a later process, 
perhaps more intensive farming practices such as 
a shortening of fallow, deeper turning of the soil, 
or better removal of weeds. Alternatively, the use 
of the surrounding hill slopes for grazing may 
have resulted in slow woodland degradation and 
increased gully erosion. Climatic variations not 
resolvable with the available pollen record may 
have contributed; the fact that the early 
Holocene soil is non-calcic, the middle Holocene 
one calcic on essentially the same substrate, 
suggests such a possibility. 


Southern Argolid 


Thessaly 


Argive Plain 


Modern stream terrace 


Pre-modem Pinios. 


Fig. 10. Comparison of stratigraphic columns from the Southern Argolid, Argive Plain and Peneios 
basin (Thessaly) studies. Intensity of shading decreases with decreasing quality of dating; length of 
blocks represents approximate aggregate thickness of each unit. The last 2,000 years in the Argive plain 
accumulated only 1 metre of deposit. Pre-modern and Modern Peneios units are not adequately dated. 


HOLOCENE SOIL EROSION AND 
ALLUVIATION IN GREECE - 
A CURRENT PERSPECTIVE 


In the preceding pages we have presented 
summaries of three studies of Late Pleistocene 
and Holocene slope erosion and stream 
aggradation in Greece that are, to our 
knowledge, among the most comprehensive 
available today. 

They cast little light on late Pleistocene 
alluviation history, because details sufficient to 
resolve individual phases are scarce and a 
reliable chronology of adequate resolving power 
is not available. The most comprehensive 
sequence comes from Thessaly (Schneider 1968; 
Demitrack 1986); its complexity, a function of 
changes in climate and consequently vegetation, 
slope stability, runoff, and neotectonic activity, may 
well be typical of the period. We do not see 
similar complexity in the threefold division of the 
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Middle and Late Pleistocene in the Southern 
Argolid (Pope and van Andel 1984; Pope et al. 
1984), but this may be more apparent than real, 
given the fragmentary outcrop record. Useful as 
it has been in its time, Vita-Finzi’s (1969) 
definition of the Older Fill appears to be only 
another name for "Middle and Late Pleistocene 
alluvium" without stratigraphical or palaeo- 
environmental significance. 

Neither the Thessalian nor the Argolid sequence 
can be correlated with the glacial-interglacial or 
stadial-interstadial climatic changes of the 
Pleistocene, suggesting that our northwestern 
European sense for the geomorphological impact 
of ice age climatic changes needs adjustment when 
dealing with the late Quaternary history of the 
eastern Mediterranean. 

For the Holocene much new evidence has been 
obtained since Vita-Finzi introduced the concept 
of the Younger Fill. The chronological and 
environmental resolving power of the methods has 


increased considerably and the understanding of 
depositional and post-depositional processes has 
deepened. The stratigraphic use of palaeosols has 
added a new dimension to chronology and 
correlation, and several studies closely integrated 
with the results of archaeological surveys now 
exist. 

The Holocene soil erosion/valley aggradation 
event histories of the Southern Argolid, the Argive 
plain and the Larissa basin of eastern Thessaly 
(Figure 10) agree only in the broadest sense, even 
if allowance is made for sometimes large 
uncertainties in the dating. All three experienced 
a time of landscape stability during the Early 
Holocene, followed by widespread soil erosion 
some time after the first spread of settlement and 
farming. In two of the three (Argive plain and 
Thessaly) these first Holocene alluviations were 
also the most extensive and voluminous ones; 
although not always the thickest deposits, their 
regional extent and effect on the landscape 
exceeded that of all later phases. In the Southern 
Argolid the early phase, although quite massive, is 
overshadowed by (and mostly buried under) later 
sediments of the Hellenistic-Early Roman phase. 

After this first event the individual histories 
diverge. The Southern Argolid lacks the deposits 
of the Late Bronze Age observed in the Argive 
plain and Thessaly, but has instead two extensive 
aggradation phases late in the 1st millennium BC 
and in Medieval times. They may correspond to 
the pre-modern and modern Peneios alluvia in 
Thessaly, but the dating of those events is 
uncertain. The Argive plain, on the other hand, 
has remained essentially stable since the Bronze 
Age. 

Figure 10 also demonstrates just how brief 
individual erosion phases can be. The common 
occurrence of pottery fragments in Argive plain 
sediments or the accurate positioning of sites of 
known age in the Southern Argolid sometimes 
allow very close bracketing of an event. In one 
instance the maximum time available for the 
deposition of 4.8 m of sediment was 50 years 
(event PR, LHIII-B2), and the entire Lower 
Flambouro event did not last more than 2-3 
centuries. On close examination, the age of 
phases of apparently long duration often turns 
out to be poorly constrained, and some of those 
may also have been quite brief. 

Thus the model proposed as a result of the 
Southern Argolid data appears to be upheld in 
some of its parts and not rejected in others. The 
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appearance of significant soil erosion and valley 
aggradation rather long after the onset of 
extensive Neolithic land clearing appears to hold 
in all three areas, the actual date being a function 
of the time of initial clearing. 

For other parts of Greece, data regarding the 
earliest Holocene phase of soil erosion and valley 
aggradation is sparse. Genre (1988) suspects 
alluviation on Euboea before ca. 4,000 bp, and in 
Macedonia L. Faugéres (in Delibrias 1978) noted 
a widespread loam deposit post-dating ca. 7500 
BP. It is tempting to see especially the latter as 
evidence for soil erosion after the first Neolithic 
land clearing, although early settlement in 
Macedonia was less dense than in Thessaly 
(Jarman et al. 1982) and major deforestation came 
much later there (Wijmstra 1969). During the 
Middle Neolithic brown woodland soils of the 
type preferred in the southern Argolid were used 
extensively in the Nemea basin (Cherry et al. 
1988) and subsequently lost, but the time of this 
erosion event has not been established and it 
may have happened in the Bronze Age. 

Reports on Bronze Age (ca. 5,000-3,000 bp) 
soil erosion and alluviation are also rare. 
Davidson and Tasker (1982) suggested that soil 
erosion on Melos may have begun in late 
Mycenaean time, but if so it was localized. The 
southeastern Argive plain around Tiryns shows 
that problems of catastrophic deposition did arise 
locally (being successfully solved by stream 
management), but in general soil erosion seems 
not to have been a problem during the second 
millennium BC, almost certainly because of the 
extensive use of terracing and checkdams. 

Considerably more data, although often poorly 
constrained chronologically or even geologically, 
exists for historic times. The Hellenistic - Early 
Roman phase of erosion and aggradation of the 
last few centuries BC seems to have been fairly 
widespread. In Elis Raphael (1968, 1978) dates it 
between ca. 350 BC and 300 AD. Dufaure (1976) 
placed the apparent analogue in the Alpheus 
basin above Olympia in the 2nd - 6th centuries 
AD, but his dating for this earlier one of his two 
phases is not robust. Hempel (1982, 1984) noted 
alluvium of this age in the southern Peloponnese 
and Crete. On the Ionian coast Eisma (1978) 
dated major alluviation in the Kiiciik Menderes 
valley between 500 and 100 BC, but in the 
adjacent Biiyiik Menderes valley the main phase 
fell between 100 and 300 AD. Anecdotal 
references to the burial of Classical, Hellenistic, 


and Early Roman structures under alluvium 
abound, but the dating tends to be inexact. 

We view the last few centuries BC as a time of 
widespread although not ubiquitous destabilisation 
of the Greek landscape. This does not mean, 

however, that the preceding Archaic and Classical 

periods enjoyed complete freedom of soil erosion 

and valley aggradation problems. Genre (1988) 

and Rust (1978) have presented persuasive 

arguments for two brief, bothersome events of 

alluviation at Eretria on Euboea between 720 

and 680 BC and again at the end of the 5th and 

beginning of the 4th century BC. As at Tiryns, 

the remedy for those problems consisted of quite 

sophisticated engineering works. Rust (1978) and 

Genre (1988) hold deforestation of upstream 

areas responsible for these local catastrophes. 

Local soil erosion also took place on Crete and 

in the southern Peloponnese between 700 and 

200 BC (Hempel, 1982, 1984). On Melos, an 

historic alluviation phase began perhaps as early 

as the start of the first millennium BC (Davidson 

and Tasker, 1982). 

Deposits of the later 1st and the 2nd 
millennium AD have been noted in many places. 
Biidel (1965) and later Dufaure (1976) described 
major alluviation at Olympia between the 7th and 
14th centuries AD. Renault-Miskovsky (1983) 
described alluvial loams emplaced on Naxos 
between the 3rd and 7th centuries AD. The 
Melian erosion phase cited above reached its 
climax about 500 AD. 

Major soil erosion and valley aggradation 
comparable to and synchronous with the Upper 
Flambouro of the Southern Argolid has been 
described by Genre (1988) for central and 
northern Euboea in the 9th to 12th centuries 
AD. L. Faugéres (in Delibrias 1978) mentions 
alluviation in Macedonia from the 9th century 
AD onward. Wagstaff (1981), in his critical 
analysis of Vita-Finzi’s "Younger Fill", cites many 
other cases extending from the 9th century AD 
(Middle Byzantine) to the Turkish period to 
support his argument that slope destabilisation 
and valley aggradation were episodic and 
occurred at different times and with different 
intensities in different places. This dispersal 
across time and space argues against a climatic 
cause, for example the Little Ice Age favored by 
some, and lends strength to Wagstaff’s suggestion 
(and ours) that human interference with slope 
equilibrium has been at fault. 

This view contrasts with that of Vita-Finzi 


(1969) who attributed the Older as well as the 
Younger Fill to climatic changes. Hassan (1985) 
also placed strong emphasis on climatic factors in 
the destabilisation of slopes and aggradation of 
valleys in semi-arid and arid climates. Briickner 
(1986) and Genre (1988), on the other hand, after 
thorough consideration of other possible forcing 
factors, came to the conclusion that in historic 
times neither climate nor changes in the relative 
levels of land and sea induced the observed soil 
erosion and alluviation events, and opted instead 
for the human factor. 

Still, climate and sea level changes are obviously 
credible factors in Aegean Holocene 
geomorphology and should not be casually 
dismissed. A thorough discussion of the natural 
(and human-induced) surface processes operating 
in subhumid and semi-arid landscapes is beyond 
our scope; we refer to Hassan (1985), Nir (1983) 
and Thornes (1987) for more detail. That we 
regard these factors of at best minor importance 
rests on the following argument. Except for 
neotectonic uplift/subsidence where such activity 
is well documented, changes of sea level and 
stream base level have been small in the Aegean 
(a few meters) during the period considered here. 
As regards climatic changes (which may well have 
been significant), hard evidence for them is 
entirely lacking, and they are commonly invoked 
by reference to northwest European Holocene 
climatic history, an inappropriate analogue. When 
postulating climate or relative sea level changes as 
causes of landscape destabilisation in the Aegean, 
the burden of proof rests on the proposer and 
such proof has, to our knowledge, never yet been 
satisfactorily presented. 

Perusal of the literature suggests to us two 
further general comments. The first is the casual 
or at least ill-defined use of the unqualified terms 
erosion and erosional phase for soil and slope 
erosion as well as for the erosion accompanying 
the incision of streams. Since slope erosion is 
often associated with stream aggradation and 
Stream incision with slope _ stability, such 
indiscrimate use is confusing. 

There also appears to be a widespread belief 
that valley aggradation and coastal accretion are 
independent processes that need not or even 
cannot be concurrent. This is not true. Schumm 
(1977, 1981; Schumm et al. 1984; Patton and 
Schumm 1981), summarizing the extensive 
experimental and observational literature on 
stream behavior and drainage basin evolution, has 


153 


pointed out that the response of a drainage 
system to a change in conditions is complex. A 
single cause, e.g. increased slope erosion, can set 
off a chain of down-valley consequences, and may 
evoke different responses in different parts of the 
valley. Major slope destabilisation in the upper 
reaches of a drainage often produces aggradation 
which begins at the mouth of the stream where 
it is associated with coastal accretion, and 
proceeds upward with time. 


CONCLUSION AND PROSPECT 


In summary, the evidence that can be brought 
to bear on the problem of natural versus human- 
induced landscape destabilisation in the Aegean, 
although still limited, appears to us to point 
firmly in the direction of a dominant impact of 
human activity.The chronology, alas, remains less 
certain than one might wish, and this is even 
more true for our understanding of those 
processes of soil erosion and alluviation that 
relate to land use practices. Some inferences 
come from the small drainages of the Southern 
Argolid (van Andel et al. 1986), but much more 
is needed. We further suspect that the soil 
preferences of early farmers were not strong and 
played only a secondary role in land use patterns. 
It appears that the brown woodland soils of later 
Cenozoic marls and shales and those of 
Holocene valley bottoms provided preferred land 
for cereals to the present day, while the coarser 
deposits of alluvial fans and slopes were not 
exploited widely until the introduction of large 
scale olive culture in the Late Bronze Age 
(Runnels and Hansen 1986). Beyond this broad 
generalization, however, we see little evidence 
pointing towards a large influence of soil quality 
on land use until very recently. It has been water 
more than soil that appears to have controlled 
land use and settlement patterns from the early 
Neolithic to the 19th century. Many problems 
remain, such as our lack of knowledge of the 
time of introduction of terrace agriculture, or the 
important question of how much the aggregate 
soil erosion of the Holocene has really stripped 
the land. A reasonably secure estimate for the 
Southern Argolid (van Andel in Jameson et al. 
in press) suggests that it amounted there to ca. 
40 cm removed from the mountains and less than 
100 cm in easily erodable terrain, and so was 
insignificant compared to the impact of the 


Pleistocene. More such estimates are urgently 
needed, but for the time being, it seems excessive 
to label historic soil erosion in Greece as 
“catastrophic" as Briickner (1986) has suggested. 
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